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COS/MOS  850  CURRENT  METER  REPORT 


I 


Abstract 


I 

t 


The  COS/MOS  850  current  meter  is  a burst  samplinq  instrument  de- 
signed to  measure  current  speed,  direction,  and  average  water  tempera- 
ture. The  instrument  utilizes  the  major  components  of  the  Geodyne 
model  850  current  meter;  with  most  of  tlie  electronics  replaced  by 
COS/MOS  integrated  circuits.  This  report  describes  the  operation  and 
the  maintenance  requirements  of  the  COS/MOS  instrument. 
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I.  INTFiODUc’TION 

This  manual  is  intended  for  use  with  the  COS/MOS  850  current  meter, 
the  result  of  an  on-goinq  effort  to  upgrade  instrument  performance  and 
provide  for  in-house  maintenance  of  instrumentation.  While  the  major 
components  of  the  Geodyne  instrument  have  been  retained,^  much  of  the 
electronics  has  been  upgraded  to  COS/MOS  (Complimentary-Symmetry/Metal- 
Oxide-Semiconductor)  circuitry.  The  sampling  technique  is  described 
by  Webster^,  and  yields  one  sample  (temperature/speed  and  direction) 
every  five  seconds  for  the  duration  of  the  record  interval.  interval 
times  vary  from  seven  and  one-half  minutes  to  one  hour. 

The  configuration  of  the  COS/MOS  850  has  evolved  since  its  initial 
deployment  in  POLYMODE  I during  1974.  The  first  mul t i -in.st rument  deploy- 
ment occurred  during  1975  on  POLYMODE  Array  II.  Since  this  settina  re- 
liability work  has  continued,  the  electronics  has  been  upgraded  and  the 
mechanical  configuration  has  been  improved. 

The  instrument  is  shown  in  Fig,  1,  Water  speed  and  direction  sen- 
sors are  located  in  a cage  below  the  tubular  pressure  housing;  a 
Savonius  rotor  is  magnetically  coupled  to  a reed  switch  producing  six- 
teen pulses  per  revolution  of  the  rotor.  The  vane  position  is  magnetic- 
ally coupled  to  a vane  follower  located  in  the  lower  electronics  housing. 
Vane  position  and  compass  bearing  are  internally  recorded  and  tlie  vector 

sum  used  to  compute  current  direction.  The  outf'uts  from  the  compass  and 

7 

vane  follower  are  in  a seven-bit  digital  grey  code  with  a 2.8°  (I60”/2  ) 
resolution.  Absolute  temperature  measurement  has  been  incorporated  into 
the  instrument;  the  sensor  is  a thermistor  mounted  inside  tlio  lower 
pressure  housing  end  cap.  A voltaqe-to-f requency  converter  generates 
counts  which  are  directly  proportional  to  the  temperature.  A crystal 
controlled  digital  clock  pro^rides  an  accurate  time  reference  and  a time 
word  in  digital  format. 


Instrument  Cased 


Fig.  1.  COS/MOS  850  Current  Meter 


II.  SPECIF ICATIONS 

Current  Speed  Sensor 

Threshold  (Calibration  Eq . ) 

Ranqe  ^ 

Rotor  Constant,  (K) 

Current  Direction 
Resolution 

Teimxjrature  Sensor 
Accuracy 

Time  Base 
Stabi 1 i ty 

Tape  Recorder 
Type 

Mechanical 

Pressure  housinq 
Operational  deptti  (standard) 
Operational  depth  (hiqh  pressure) 
Rotor/vane  caqe 
Hardware 

Corrosion  Protection 

Weiqht  (standard  housinq) 

Air 

Water 

bonqtli 

Thru  Housinq  l,oad  Capacit.y 

Operational  Life 
(Per  Deployment) 


Savonius  Hotoi 

1 . ri  em/se,- 
1 . H-  U)0  .-m  s<- 
1*1  . b . m wat  et  i i-v 

Compass  ami  Van-’  Pol  l.iwi  i 1 j 

2 .H“ 

JO, 000  !.  (2S“  C)  Tin  tmist'  i 
.01“  C 

Crystal  Oscillatoi 
‘ 1 sec/d.iy 

Diqital  Dual  Cliannel 
Model  SU'-IA  (Geodyne) 

707S-TI'  aluminum 
5500  meters 
bOOO  meters 
bObl-TO  alumimun 
Jib  stainli-ss  steel 

4 On  Saeiificial  Anodes 

115  lbs  (52.27  K<i’ 

40  lbs  (IB.IH  KU ) 

72  inches  (l.Hi  meteis) 

5000  lbs  (2272  Kq ) 

Nominal  1 year 
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IIT.  MECHANICAL  CONFIGURATION 

The  rotor  and  vane  cac^e  is  shown  in  Fiq.  2.  In  convert inq  the 
current  meter  the  aluminum  plates  are  modified  to  accept  new  bearinqs 
and  anodes.  The  journal  bearinqs  arc  Delrin  150  with  a tunqsten  car- 
bide thrust  plate  in  the  rotor  and  lower  vane;  this  bearinq  desiqn  has 
permitted  us  to  improve  the  anodic  protection.  Fiijure  1 is  a 
mi'chanioal  drawinq  of  the  caqe  asseml)ly.  Details  of  th<‘  eacje  modifica- 
tions are  qiven  in  the  Apfiendix.  Fiquri'l  shows  the  tubular  pressure 
housinq  and  the  tie  io<is  list'd  to  secure  tlu'  pressure  housinq  end  plates; 
"O"  rinqs  art'  used  to  ftirm  wat"f-t  iqlit  ;it'als. 

For  adetjuate  prt'loadinti  and  to  insur"'  a water-tiqht  seal,  the  in- 
strument hardware  is  torqued  to  the  va'.ut's  of  Table  1. 


Tabb-  i.  Torque 

< 
1 ^ 

£ 

Caqe  rods 

in 

ft 

lbs 

(120 

i n 

lbs) 

Tie  rods 

10 

ft 

lbs 

(120 

in 

lbs) 

Upper  bail 

plate 

12 

ft 

lbs 

(144 

i n 

lbs) 

Upper  vane 

bi'ar  i nq 

10 

t O 

12 

in  lbs 

Center  bearinq  locknut 

15 

to 

20 

in  lbs 

bower  pivot 

locknut 

15 

t-O 

20 

in  lbs 

IV.  THEORY  OF  OPERATION 

Tht'  block  diaqram  for  the  C0S/M05  850  is  shown  in  Fiq.  4.  A 
74.5654  kHz  oscillator  is  used  to  qenerate  all  timinq  functions,  ant)  is 
divided  by  binary  counters  to  provide  a 14-iiit  t imt'  word  and  othi'r  con- 
trol pulses.  At  a pre-selected  interval  the  clock  start  pulse  stits  the 
latch  in  the  STA-9,  this  applies  power  to  the  switcht'd  Ihis  lines,  t'n- 
ables  the  control  flip  flop  and  momentarily  rt'sets  the  sequc-nct'  counti'r 
on  the  proqr.im  beiard.  .5TA-D  outputs  K and  step  tht'  motet  driver 
circuitry,  while  clocks  the  setjuence  counti'r;  its  out['Uli.  ita  qal  i d 
to  qenerate  most  of  the  control  pulses  requiri'd  by  the  instiument  . The 
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850  CURRENT  METER  BLOCK  DIAGRAM 


LOG- 
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remaining  control  signals,  lamp  flash,  and  rotor  counts  are  developed 

and  processed  by  the  LOG-5.  Temperature  counts  are  generated  by  a 

voltage-to-frequency  converter.  The  rotor  and  temperature  pulse  trains 

are  gated  by  the  multiplexing  circuitry  on  the  rotor  counter  and  temf)or- 

ature  gate  board  into  binary  counters  to  be  accumulated.  At  the  end  of 

each  strotie  the  data  is  gated  thru  the  and/or  select  gates  to  the  shift 

registers.  Operation  of  the  shift  registers  is  controlled  by  T , T , 

r H 

and  T The  data  is  clocked  out  of  the  registers  by  Ks . VVliile  the 

rotor  and  temperature  counts  are  being  accumulated,  compass  and  vane  in- 
formation is  transferred  thru  the  registers.  The  serial  data  train  from 
the  registers  is  buffered  by  the  program  board  and  used  to  toggle  the 
head  driver  circuitry  on  the  TAP-9.  At  the  end  of  a preselected  number 
of  strobes,  a stop  pulse  from  the  program  board  resets  the  latch  on  the 
STA-9.  This  action  removes  power  from  the  switched  bus  lines  and  in- 
hibits the  control  flip-flop.  Channel  switching  and  instrument  shutoff 
are  controlled  by  the  Tap-7. 

V.  DATA  FORMAT 

The  data  are  recorded  in  a sequence  of  strobes;  each  sot  of  strobes 
is  referred  to  as  a d.ita  record. 

A strobe  has  the  following  format: 

Variable  1 Variable  2 Variable  1 

I XX  1 thru  14  bits  | xx  1 thru  7 bits  H thru  1-1  bits 

XX  = blank  bits 

Variable  1 contains  fourteen  bits,  in  the  COS/MOS  850  temperature,  time, 

and  rotor  data  are  multiplexed  into  this  position  by  control  pulses  T,, 
o " 

T[('  and  T^  (nee  timing  diagram).  Variable  2 i.s  compa:;s  data  and  Variabb 

3 is  the  vane  information.  A typical  record  of  N .strobes  is  sliown 


below : 
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Strobe 


Variable  1 


Variable  2 


Variable  3 


1 

2 

3 

4 


Temperature 

Time 

Rotor 

Rotor 


Compass 
Zero  (239°) 
Compass 
Compass 


Vane 

Zero  (239°) 

Vane 

Vane 


N Rotor 


Compass  Vane 


Notice  that  on  strobe  2,  the  binary  bits  in  the  compass  and  vane  fiel<i 
are  all  zeros  (239°),  in  all  other  cases  they  yield  an  instantaneous 
head inq . 

The  data  capacity  for  the  COS/MOS  850  is  siiown  in  Table  2.  Tliis 
is  dependent  on  the  mode  of  operation,  i.e.,  record  interval  and  number 
of  strobes.  Tliose  are  calculated  values  based  upon  a 390  ft  data 
cartridge . 


Table  2.  Tape  Capacity  in  Days 


Mode 

Record  Interval 

Continuous 

1 Hr 

30  Min 

15  Min 

7.5  M i n j 

31  Strobes 

9.23 

- 

- 

23  Strobes 

- 

262 

131 

65.7 

1 

32.4 

15  Stiobes 

- 

304 

197 

99.5 

T 

49.2 

7 Strobes 

- 

788 

394 

197 



98 . 5 

1 

Note:  Tliis  table  ippl  ic^s  to  only  the  COS,'MOS  850 
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VI.  DETAILED  CIRCUIT  DESCRIPTION 

Tho  followinq  terms  are  used  in  the  circuit  descriptions  ami  tal)u- 
lated  here  as  a reference: 


B,  thru 
1 4 


Ej^  thru  E 


(1 


Ec 

E, 


b 

US 


Cl 


C,  thru  C_ 
1 / 


e . 

i 


2 

Lf 


^l-%4 


first  four  outputs  of  the  sequence  counter 

outjiut  of  program  board,  used  to  generate 

last  six  outputs  of  the  program  counter 

output  of  program  board,  used  to  generate 

7 strobes  output  selection 

15  strobes  output  selection 

31  strobes  output  selection 

23  strobes  output  selection 

output  data  train  from  shift  registers 

seven  output  bits  from  compass 

data  train  applied  to  head  driver 

output  of  program  board,  used  to  generate  T^y 

inhibits  tape  heads  from  writing  for  first  five  seconds 
of  record  interval 

output  of  program  board,  used  to  generate  "^^y* 
output  of  program  board,  used  to  generate  Ks 
output  from  clock,  primary  clocking  pulse 
clocking  (>ulse  used  to  drive  test  box 
program  board  clocking  pulse 
stopping  motor  clocking  pulse 
stepping  motor  clocking  pulst' 
t>5  ms  pulse  which  flashes  l.imps 
multiplexed  data  bits 
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[' 

b 

I- 

h 

i 


I 

j ! 

* 1 

]i 


•i 


tomperature  qate  control 

shift  roqistcr  (multiplexed  data)  transfer  jiulsc- 
resets  multiplexed  counters 
shift  reqister  (time)  transfer  pulse 

applies  voltaqe  to  colls  in  compass  and  vane  follnwci 
shift  reqister  (compass  and  vane)  transfer  t'ulse 
fourteen  hit  time  word 
seven  outi'ut  bits  from  vane  follower. 

A . Clock 

The  diqital  clock  i>rovides  an  accurate  time  reference  for  tlie 

COS/MOS  850  and  consists  of  .1  precision  crystal  oscillator  and  several 

rifiple  counters.  The  oscillator  frequency  (74.56540  kHz)  is  divided  by 
40 

2 which  corresponds  to  a period  of  about  171  days.  The  time  word  is 
composed  of  tlie  most  siqnif leant  fourteen  bits  from  the  counters 
(LSB  = 15  min) . 

and  its  associated  circuitry  form  a requlated  7 VDC  power  supfdy 
which  helps  stabilize  the  oscillator  frec^iency  and  limits  the  power  -on- 
sumption  of  TCI.  Output  of  TCI  (37.2827  kHz)  is  provided  as  a te.-.t 
point  for  adiust inq  the  oscillator  frequency.  TC2  is  a level  sliitter, 
raisinq  the  7-volt  loqic  hiqh  level  of  TCI  to  that  of  the  tl2  C suppl-,- 
voltaqe.  The  output  of  TC2  drives  ripple  counters  TC3  thru  TC5  to 
develop  the  time  word. 

The  instrumc'nt  re-arm  pulse  is  developr-d  by  p^  and  p^.  1C».  and 

TC7A  form  a divide  by  three  citcuit  to  provide  the  12  Hz  irintru- 

mi'ut  clockintT  I'ulse. 

The  record  interval  is  selt'cti'd  by  wiriiu}  pin  H to  tlr-  ai'piortiate 

i 

J 


eVD 


eVD 


T -T 
1 14 


V1-V7 


counter  output  . For  c-xampLe,  wirinq  pin  8 to  pin  24  qivi'S  a otu'-houi 
n-cord  interval. 


12 


The  instrrnni-nt  t\irn-on  pulse  is  buffered  by  IC7B  and  itr  associ- 
ated circuitry.  When  pin  7 is  held  low  by  the  external  on/off  maqnet, 
the  turn-on  siqnal  is  inhibited  from  output  pin  6. 

B.  .STA-O 

K from  the  clock  drivi^s  pin  2H  of  the  STA-O  clockinq  flip-flop 
o 

[ C 2 A . Output  of  IC2A  toqqles  IC2B  qeneratinq  the  motor  drive  pulses 
(K^.  • The  action  of  TC2A  is  qoverned  by  the  level  applied  to  [)in  b 

of  the  flip-flop,  this  is  an  inhibit  siqnal  from  the  latch  (UllB  and 
ICIC) . When  pin  6 of  the  clock  makes  a low  to  hiqh  transition  a one 
shot  i^ulse  is  coupled  to  pin  B of  IClC  setting  the  latch.  This  .ipi'lies 
a reset  pulse  to  the  program  board,  power  to  the  switched  bus  line  and 
also  enable.s  flip-flop  IC2A.  When  the  desired  interval  has  been  com- 
pleted the  output  of  the  program  board  makes  a high  to  low  tiansition. 
This  transition  is  inverted  on  the  STA-h  by  ICIA  causing  the  latcii  to 
reset,  removing  power  from  the  bus  lines  and  inhibiting  IC2A. 

C.  Program  Board 

The  program  board  controls  the  sequence  of  operation.  At  the 
start  of  the  record  interval  the  sequence  counter  (ICl)  is  momentarily 
reset  setting  the  counter  to  an  all  zero  state.  Tlie  sequence  counter 
is  a 12-staqe  ripple  type  which  is  advanced  one  count  on  the  positive 
edge  of  the  clocking  siqnal  (K^).  The  outputs  of  the  counter  are 
processed  to  provide  many  of  the  timing  pulses  required  by  the  in- 
strument. The  Boolean  expressions  foi'  the  outputs  of  the  program 
tioard  are: 


(7  B • R • B , and  G - D • B • I- 

T 2 1 •!  T 2 3 -I 


T,  = • r:,  . B, 


e,  = i;.,  • K,  • K,  • b,  ' H 
12  14  ■)  h 


Direct  counter  outputs  , K ^ , anvi  are  also  available.  Obst-rve 

from  the  timiiKj  liiaqram  (Fiq.  5)  that  the  proqram  board  outputs  T , , 

o r H 

and  dll  occur  durimi  the  same  time  frame.  It  is  important  to  noti- 

the  relationship  betwi'en  and  as  this  df'termines  wiiicli  data  is 

multiplexed  into  tlie  Variable  1 position.  Note  also  the  relationship 

between  T <invi  T , when  V occurs  T does  not  ; tliis  accounts  for  tlie 
CV  H'  H CV 

all  zeros  condition  on  the  secotui  stroiie  in  the  compass  and  vane  fields 

The  data  output  (D,^)  is  iiati'd  by  and  controls  the  serial  data 
train  (Cl)  . 

D^ 

Inputs  e^,  bj  , and  are  qated  tlClA  and  TC4A)  to  f oi  m • 

A pulse  delay  network  consist  inu  of  Ii'dlt,  IClb,  ICJe',  and  TClD  aie  iiseil 
to  form  from  "'cVD  ' '■tsed  to  transfer  the  compass  and  vine 

information  info  the  shif*-  reqisters,  and  is  delayed  in  ordi'r  that  the 
photocells  will  have  ( im"  to  resivud  to  T^.^-  l.p,  an  internally  qi-ner- 
ated  pulse,  is  used  to  ipite  the  t'h  ns  pulse.  Wlien  I qoes  low, 
capacitor  C.^  starts  to  charqe-,  tinninq  off  . When  is  off,  i,'' ^ .ind 
are  on  allowinq  the  lamps  to  fl.ish  is  switctud  on  when  the  i IJR 

bus  is  activated. 
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Inputs  and  are  gated  to  form  the  shift  register  clocking 
pulse  Ks. 

The  reed  switch  signal  is  low  pass  filtered  and  inverted  by  IC2A 
to  remove  reed  switch  bounce,  then  used  to  drive  a 1 ms  one-shot 
(IC2C  and  IC2D) . The  resultant  output  pulse-train  (K^)  is  used  to 
clock  the  rotor  counter.  The  Boolean  expressions  for  the  output  of 
the  LOG -5  are: 


Tcvd  ~ t’y  ^ propagation  delays) 


The  V-F  converter  forms  an  interface  between  the  thermistor  and 
the  counters  located  on  the  rotor  counter  and  temperature  qate  l>oard. 

A block  diagram  for  the  V-F  is  shown  in  Fig.  b. 

Pulse 

C Switched  One  Delay 

Oscillator  Shot  Generator 

_J  delay  I- 

. — — - -i 

Signal  Operate^ | 

Switclies 

T 

+3.9  V reference  + REF 


Fig.  6.  V-F  Block  Diaqram 

( AMF®  DIAGRAM) 
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The  output  frequency  varies  inversely  as  the  thermistor  resis- 
tance (R)  and  therefore,  directly  as  temperature  accordinq  to  the 
expression 


'out  R 


tl/RC) 


where , 


C = C + C,,,R=R^  + R^ 
8 ^ ^ 2 T 


Assume  a specific  state  for  IC2,  let  g be  low,  this  makes  A hiqh  and  B 

low.  Control  siqnals  A,  B,  and  A operate  the  KET  switches  (Q^  , , 

and  Q^q)  • * hiqh  on  A causes  to  be  ON,  effectively  connectitvj 

one  end  of  C to  qround.  The  low  level  on  A causes  Q to  be  ON  con- 
8 10 

nectinq  the  other  end  of  C to  the  3.9  V reference  supply,  g is  also 

8 8 

ON  due  to  the  hiqh  level  on  A. 


The  temperature  siqnal  (+)  drives  the  inverting  input  of  ICI  re- 
sulting in  a negative  ramp  at  the  output.  Until  the  output  of  tlie  inte- 
grator goes  slightly  negative,  remains  OFF  and  is  ON.  In  this 

state  the  gate  voltage  of  Q (11.5  volts)  is  greater  tlian  the  anode 

4 

voltage  (10.5  volts)  and  tlie  PUT  will  not  fire.  When  the  ramp  ieae)ies 

-.6  V,  g turns  ON,  Q turns  OFF  dropping  the  gate  voltage  allowinvi  g 
X ^ 4 

to  fire.  When  g fires,  g turns  on  clocking  TC2  causing  g to  go  liigli 
4 5 

and  g low.  The  pulse  delay  network  at  the  inputs  of  TCJA  and  IC3B 
produces  a make  before  break  action.  A goes  low  immediately  when  g 
goes  high,  B is  delayed  from  going  high  for  10  us.  This  action  con- 
trols the  switching  of  the  FET ' s and  results  in  C being  isolated  for 
tlie  10  us  R.C.  time  constant.  Wlien  B goes  higli,  g^  and  g^  are  switched 
ON  connecting  the  negatively  charged  side  of  to  tlu'  input  of  the 
integrator  (ICI)  and  the  other  side  to  ground.  The  cliarqe  stored  in 

C is  traru'derred  to  C causing  U’l  • in  '■  to  go  (lOsitive  and  begin  tlie 
B 1 

negative  ramp  again.  Capacitor  forms  a voltage  dividei 
with  C to  limit  the  voltage  applit'd  to  the  Op  ,\mp  input. 
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Since  the  Q output  of  IC2  is  a high,  is  ON  preventing  from 
changing  state.  When  the  anode  voltage  of  the  PUT  reaches  the  gate 
voltage,  the  PUT  will  again  fire  causing  IC2  to  toggle.  The  period 
of  the  PUT  is  approximately  125  Vis  which  is  determined  by  the  470K 
and  220  pf  time  constant.  When  IC2  toggles,  is  switched  off,  B 
goes  low  and  10  Us  later  A goes  high.  This  returns  to  a charging 
position,  allowing  for  a 10  ps  break  before  make  at  both  ends  of  the 
capacitor . 

The  rate  at  which  this  sequence  takes  place  is  a function  of  the 
input  resistance,  lower  resistance  yields  a higher  output  frequency. 

The  modifications  required  for  adding  temperature  to  a model  850 
current  meter  are  shown  in  the  Appendix. 

F.  Rotor  Counter  and  Temperature  Gate 

This  board  was  part  of  the  original  temperature  modification;-. 

made  to  the  850' s,  hence  some  minor  component  changes  are  req'.iiri'd  to 

make  them  compatible  with  the  COS/MOS  circuitry.  Appendix  B shows  a 

circuit  diagram  with  the  necessary  modification.  A simplified  -.'•■r:-i'/n 

of  this  board  (RC  u GII)  has  been  included  in  tlie  Appendix;  tin  ■ l.'ird 

is  directly  interchangeable  with  the  present  desiar. . p-jlscs  : .usi  1 

determine  which  data  counts,  temperature  or  rotor,  arc  gated  *-hru  the 

multiplexing  gates  (ICl  and  IC2)  to  the  counters  ( IC4  and  IC5)  . 7'^ 

functions  as  a count  inhibitor  and  reset  pulse.  Wtien  T is  Vu  il,,  I 

1 

prevents  the  data  counts  from  clocking  the  counters.  ' n ’he  i d iv-  - 
going  transition  of  T^ , is  momentarily  turned  on  tc-’  '•  ;i  ; ' ’’  lu  i 
IC5.  All  multiplexed  data  hits  (.M^  - ‘■^te  ap;  1 icd  f ■ * ' '■  h i f •. 

registers  in  parallel  format. 

G.  Shift  Register 

There  are  two  identical  shift  register  boards  in  the  i.V’s 

each  handling  seven  data  tiits.  All  data  are  presented  to  the  reji  .!•  t 

in  par.allel  format.  Control  pulses  T T and  T . 'levem  * '■;<  -•  si:.  • 

r H ' VI) 


Fig.  2.  Cage 


in  which  data  is  transferred.  Whenever  any  of  those  contrcl  ['ul  .. 
are  high,  they  are  gated  thru  the  OK  gates  (ICl)  to  pin  ')  oi  Um  i.  - 
suiting  in  a parallel  to  serial  shift.  At  T time,  when  the  .-omi  .I'U 
and  vane-follower  are  interrogated,  the  clocking  pulse  (K‘'.)  is  in- 
hibited from  clocking  the  shift  register  (IC6)  by  ICIC. 

Recalling  the  discussion  of  the  data  format  note  that  some  .-f 
the  multiplexing  occurs  on  the  sliift  register  boards.  Tiie  contiol 
pulses  determine  which  sets  of  data  are  gated  thru  the  AND-f'K  s.-l.  t 
gates  (IC2,  IC3,  IC4 , ICS)  to  tiie  .sliift  register  (ICb).  T tr  nici' 

I 

temperature  and  rotor  data,  T the  time  word,  and  T the  .or:  , ■ 

II  CVD 

and  vane  information. 

The  operation  of  the  multiplexing  gates  can  be  best  understood 
by  considering  only  one  section  of  the  CD401'l  (Fig.  7). 


1/4  CD401<1 
(TC2  k IiM) 


.Mul t i plexi'd  Output 


Fig.  7.  Multiplexing  C.it 


It  can  be  seen  from  the  timing  diagr.im  th.it  the  .-entrol  puls.ts  .iri’ 


normally  in  a low  state.  Note  that  T .ind  T dci  not  go  high  .it  the 

r H 

same  time.  When  T is  a logical  1,  all  bits  of  data  pre.sent  it  the 
r 

multiplexed  inputs  (M  - M ) are  gated  thru  the  CD401''  .ind  .lope.ir  .it 
114 

the  output.  In  a similar  manner  when  is  high  the  dat  i .ip;  ■ -.ir  i nu  en 
the  time  inputs  (T^  - '>te  gateii  tliru.  This  multi]'lexed  out  out 
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1 


is  aqain  combinetl  with  tho  compass 'vane  information  in  tlie  next 

CD4019.  Controls  siqnals  T and  tiie  combined  outputs  of  T atiii 

C\'t)  t 

Tjj  (ICIB)  determine  wiiich  data  bits  are  qated  tiiru  to  tl,e  r.liift 

reqister.  In  ttiis  manner  all  data  is  presenti'd  to  the  shift  reqisttrs 

in  paraiLol  format  and  converted  into  a serial  data  train. 


1 


H.  TAl’-^> 

The  TAP-9  drives  the  tape  heads  and  t!ie  recorder  steppinq  motor. 

This  is  a Gt>odyne  board  with  some  modifications,  the  i.e.ess.uy  i-ir- 
euLt  ^li.inqit-;  are  outlined  on  tir-  -iiema  t i c diaqram. 

The  lioad  driver  is  divided  into  two  sections,  O and  its  associated 

1 

circuitry  for  recotdinq  ones,  and  Q , Q and  the  associativl  circuitry  for 

di  ) 

recordinq  zeros.  The  outputs  from  these  sections  .ire  comiuneJ  at  pin 
12  a test  point.  Tlie  collector  circuitry  serves  as  a pulse-siiapi nq 
network,  Fiq.  d shows  a typical  d.ita  train  as  recorded  on  tape. 

Loqic  level 

+ 

O reference 


Fiq.  8.  Tape  He. id  W.ivi  forms 

Observe  the  difference  in  w.ivesh.ipes  Ix'twecn  .i  zero  and  .i  one: 

Logical  Zero  - signal  goes  positive  then  nt'iMtive 
Logical  One  - signal  goes  nen.it  ive  then  po.sitive 

The  recofiier  clocking  pulses  (K^,  K,)  .ire  applied  to  pins  l.'<  .md 
21.  Since  the  drive  circuits  for  the  two  windings  of  the  steeping  motoi 
similar,  we  wilt  oonsidtg  onl'.  one.  When  K,  goes  low,  is  t m ne.l 


art' 
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off  for  a period  of  time  until  the  charqe  across  ro'aches  approxi- 
mately 1.2  volts.  The  time  required  for  to  charqe  to  this  v<>ltaq'‘ 
is  dependent  upon  the  values  of  *^14A'  voltaqi  drtvp 

across  CR23.  Note  also  that  the  motor  drivinq  voltaqe  (+12R)  is 
separate  from  the  loqic  voltaqe,  the  +12  bus.  The  qeneral  form  for 
the  voltage  developed  across  a cajiacitor  can  bo  expressed  as  follows: 


Vc  = E(1 


-t/RC 

e 


) . 


This  states  that  the  time  interval  (t)  required  for  a capacitor 

to  ciiarge  to  a specific  voltage  (Vc  = 1.2  V)  is  dependent  upon  tijc 

voltage  applied  (E  = +12  bus)  and  the  time  constant  R-c.  Wiiere 

R = R, ^ in  parallel  with  R and  C = C . 

14  ‘ 14A  3 

Therefore,  as  the  battery  voltage  decreases  the  time  requir’d  for 
Vc  to  reach  a specific  value  must  increase.  This  means  that  as  t)ie 
battery  voltaqe  drops  Q is  Off  longer.  When  Q is  Off,  Q and  , ar. 
On  causing  the  motor  to  stop.  Because  of  this  characteristic,  th.-  en- 
ergy required  to  STEP  the  motor  remains  nearly  constant  and  the  motor 
torque  is  maintained  as  the  voltaqe  drops.  This  characteristic-  is  set 

by  the  trim  resistors  (R  , R,,,.  ) . A procedure  for  selecting  tlifso 

14A  2AA 

values  is  outlined  in  Section  VTl-J. 


TAP-7 

The  TAP-7  implements  tlie  channel  switching  and  instrument  turn-off 
functions.  This  is  one  of  the  original  boards  dor.ic-ined  )iy  Geixlyno  ! or 
the  850,  some  minor  modifications  liave  been  made  to  incriMSe  i lie 
circuit  reliability;  these  are  shown  in  tlie  schematic  liiaqram. 

When  the  instrument  is  t ui  nod  on,  the  ri'Sirt  initton  is  jicuu-d  re- 
turning all  relays  to  a reset  position.  Tlie  first  lime  the  fail  sens- 
ing head  is  shorted  (at  the  end  of  ehaniud  A),  1,''^  turns  on  pullini  in 
causing  to  close*  effectinci  a channe  1 switch.  Not'  I li.it  th> 

charge  on  C,  has  not  been  affected  and  the  nos  1 1 ion  oi 

4 • 1 


has  not 
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changed.  charges  for  approximately  150  ms  after  wtiich  is  turried 

off  removing  voltage  from  . After  eight  hours  (allowing  t iim-  fc>r  the 
foil  to  pass  th<'  sensing  head)  a re-arm  pulse  from  the  clock  turns 
ON  causing  to  re-arm  the  instrument.  At  this  time  tlie  ground  ref- 
erence is  removed  from  the  negative  side  of  C . The  second  time  the 

4 

foil  is  sensed  (at  the-  end  of  channel  B)  turns  on  fnilling  in  K^, 

a[)plyin<)  ground  to  the  negative  side  of  C turning  ON  energ  i i n i K . 

4 ■}  3 

This  removes  the  tl2D  and  -12D  voltages  from  the  instrument  an.i  tlie 
recorder  preventing  an  overwrite  of  earlier  data. 

.1.  Battery 

The  instrument  requires  a three  section,  12-volt  unregulated 

power  source.  The  battery  shown  in  Fig.  B will  power  the  instrument 

for  a period  of  one  year.  The  tl2  logic  supply  consists  of  three 

parallel  stacks  of  cells,  each  isolated  by  blocking  diodes.  The  -12 

logic  supply  is  a single  stack  of  cells,  while  the  '*12  motor  su[g  ly 

is  two  parallel  stacks  of  cells  isolated  by  diodes.  A suitable 

4 

battery  is  available  from  Mallory  as  their  part  number  3041B1. 

Nominal  currents  drawn  by  tlie  instrument  av’eraged  over  one  hour, 
for  23  strobes  and  a 1-hour  record  interval  an-: 

+ 12  loijic  = 850  pa 

-12  logic  = 350  ua 

■*12  motor  - HOO  pa 

K.  Recorder  and  Tame 

The  COS/MOB  850  uses  the  original  dual  ■h.uit,<  I r'  ■ ■ a d>  i ;ui  : li'  d I 
Geodyne  (Model  53A-IA)  and  inclinh-  an  internal  foil  sen'unu  lie  id.  T'le 
stepping  motor  is  con' rolled  by  tin  TAP-'  while  tin'  -.eii  iiig  d diives 
the  control  ciii'nitry  ,iii  the  TAP-7. 

Most  problems  with  the  recorder  iii  the  ; a-  t have  t’eeii  ti  n.d  t 
mechanical  ma  1 f uri  ■ t i onr;  .such  as  incoiie  i an  t i -1  lack  1 a di  |.  ai  liatm-nt 
tapi'  head  misalignment,  and  urease  cauing  excess  di  ag  ■'■n  t .•  . 

These  areas  are  ikjw  routinely  'tiecked  i n.irt  of  t !i.  pi  -i  ii  • t.  .t  : . 


850  BATTERY 


MN  1300 
CELLS 
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The  recorder  requires  a 3'34-ft  endless  loop  cartridqe  availanl>- 

( R)  5 

from  Fidelipac,  numln't  G5- 1 40- 3‘)4  . 

L.  Compass  and  Vane-Follower 

The  compass  and  vane  follower  are  the  oriqinals  supplied  by  r, co- 
dyne.  All  compass  and  vatic  followers  now  in  use-  u-  routin'  ly  adiu.tcd 
for  Ofitimum  coupl  irui  atvl  minimum  '-rosst.iLk. 

The  outputs  of  the  d'-vices  are  in  a seven-bit  diqital  cray  i-odi- 
yieldinq  a 2.h“  resolution.  Fiqure  10  is  the  qroy  coded  disc  and 
Table  3 is  the  Gray  Hinary  to  Uoqroes  conversion  table. 

VII.  TEST  AND  ALIGNMENT  PROCEDURES 

A.  The  followirHi  cijuipment  or  equivalent  is  required  for  t’>'oi  i r 
alignment  of  the  COS/MOS  B60  current  meter. 

Electronic  Counter/Tinicr  - Systron  Donner  hi  SO 
Dual  Channel  Oscilloscope  - Tektronix  5G4B 
VOM  - Simpson  260  OR  DVM  - Fluke  8000A 
Current  Probe  - Tektronix  P6042 
Power  Supply  - Lamlxia  LPD-422A-FM 
Vishay  Decode  Resistor  - Model  1.303 
Torque  Watch  - Waters  651C-3 
Dial  Gauge  - Sarrett  645 

Digital  Display  Monitor  - Geodyne/W.H.O. I . 

B.  Corrosion  Control 

Inspect  ca<te  and  case  assemlil  les  to  insure  that  t ii»-re  is  ti<  ■ un- 
coated aluminum  exposed.  Ml  corrosion  product  must  t i'  ti-moV'  d <n.  i 
the  exposed  metal  cleaned.  The  piece  is  then  treated  in  an  aluminum 
chromate  solution  (1).  All  pits  in  the  metal  are  filled  with  epoxy 

(2)  and  given  .x  light  sanding.  The  tinisln’d  tieoe  is  then  given  twe 

( R) 

coat.s  of  Rustoleum  p.iint  . 

(Number  in  [laronthesis  ri'fers  tf'  a note  at  the  end  of  th<-  sect  ion.) 
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Table  3 

GRAY  BINARY  TO  DEGREES  CONVERSION  TABLE 


Gray 

Gray 

Gray 

Gray 

Binary 

Oeq 

Binary 

Deq 

Binary 

, J3eg 

Binary 

pijij 

0000 

000 

2 39 

0010  000 

208 

0100  000 

298 

0110  000 

329 

001 

23b 

001 

211 

001 

301 

001 

326 

010 

242 

010 

205 

010 

295 

010 

332 

Oil 

245 

on 

203 

on 

29  3 

01  1 

3 35 

100 

231 

100 

217 

100 

307 

100 

321 

101 

233 

101 

214 

101 

304 

101 

323 

110 

228 

no 

219 

no 

309 

no 

'18 

111 

225 

111 

222 

111 

312 

111 

315 

0001 

000 

253 

0011  000 

194 

0101  000 

284 

0111  000 

343 

001 

25b 

001 

191 

001 

281 

Ool 

346 

010 

250 

010 

197 

010 

287 

010 

340 

oil 

248 

on 

200 

on 

290 

01  1 

3 38 

100 

262 

100 

186 

100 

276 

loo 

352 

101 

259 

101 

188 

101 

278 

101 

34  ' 

110 

264 

no 

183 

no 

27  3 

no 

3 "4 

111 

267 

111 

180 

n 1 

270 

1 1 1 

357 

1000 

000 

118 

1010  000 

149 

1100  000 

059 

1110  ooo 

0."- 

001 

121 

001 

146 

001 

05b 

001 

031 

010 

115 

010 

152 

010 

062 

01  >> 

oil 

113 

on 

155 

on 

065 

on 

0.-  3 

100 

127 

100 

141 

100 

051 

ion 

..37 

101 

124 

101 

14  3 

101 

053 

i.'i 

110 

129 

no 

138 

no 

048 

1 10 

0 39 

111 

132 

in 

1 35 

111 

045 

n 1 

04  2 

1001 

000 

104 

1011  000 

163 

1101  000 

07  3 

o 

o 

014 

001 

101 

001 

l()li 

001 

076 

001 

on 

010 

107 

010 

K.O 

010 

070 

010 

017 

oil 

no 

on 

158 

on 

068 

on 

0.1.  ■ 

100 

096 

100 

172 

100 

082 

100 

.■Oi, 

101 

098 

101 

169 

101 

079 

101 

008 

no 

093 

no 

174 

no 

084 

no 

0(  I 1 

111 

090 

in 

177 

111 

087 

1 1 1 

ooo 
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Note  I:  Aluminum  chromate  solution  is  a 1 to  1-1/2  ounce  of  Alihrone  #2 

dissolved  in  a gallon  of  water  and  the  pU  adjusted  to  1.6  to  2.0  with 
nitric  acid.  Immerse  clean  aluminum  object  to  be  coated  in  the  solu- 
tion and  allow  it  to  remain  undisturbed  for  throe  minutes.  Rince  with 
clean  water.  The  part  must  be  free  of  all  surface  contamination. 

Note  2:  Epoxy,  B.  F.  Goodrich  2 [lart  epoxy,  #A  1177B  or  equivalent. 

C.  Rotor  and  Vane  Bearing  Adjustments 

After  all  cage  and  case  hardware  has  been  corrosion  treated,  tiie 
cage  should  bo  assembled  except  for  the  bottom  plati'  and  all  aluminum 
rods  torqued  to  120  in.  lbs.  The  journal  bearings  and  pivots  in  Uie 
rotor  and  vane  must  b('  secure  and  clean.  Check  vane  magnet  holdiu  for 
proper  orientation. 

1.  Install  u)ipor  vane  bearing  without  sjiacers. 

2.  Place  vane  in  position  and  insert  the  center  pivot  into 
the  lower  vane  bearing. 

3.  Place  rotor  into  position  and  secure  lower  cage  plate  with 
two  screws.  Insert  the  lower  rotor  pivot  into  the  rotoi-  bearing.  Tiu' 
rotor  should  not-;  rotate  freely.  Locate  and  mark  the  "liigh  spot"  on  the 
magnet,  ring. 

4.  Adjust  the  center  bearing  for  .030"  clearance  betwciui  i lie 
reed  switch  and  the  high  spot  on  the  rrutqnet  ring. 

6.  Determine  the  lash  in  tht>  vans'.  This  can  bi-  doin'  witli  a 
Stiirri'tt  dial  gauge  or  by  the  use  of  the  bearing  thre.ids.  The  De  1 r i n 
bearing  has  24  turns  jii-r  inch,  thei'efori'  otu'  turn  is  equal  to  .042". 

The  spacer(s)  recjuiis'd  at  the'  upper  vane  bearing  will  be  equal  to 
Tot.i  1 Lash  - .0  10". 

* i>.  Rerryive  the  rotor,  vane  and  all  be.irings; 

i -I  silieoii  ■ mij'Ociti.i  (.)ti  all  plate  threads. 


i 'll*  1 le.v  > u n i iig 
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7.  Install  upper  vane  bearinqs  with  appropriate  i i 'i 
( C-S  ) and  tor<iuo  10-12  in.  lbs.  Place*  vane  in  position,  turn  e.  nt.  r 
bearinq  until  there  is  no  vane  lash.  Back  center  birarinq  out  1/4  ot 
a turn  (.030")  and  secure  with  nut  torqued  to  15-20  in.  ll)s.  Oieck 
reed  switch  to  rotor  clearance  (.030"). 

B.  Install  rotor  and  turn  lower  pivot  until  three  it;  no  tot  nr 
las)i.  Back  lower  jiivot  out  3/4  of  a turn  (.030"),  secur<>  witli  nut 
(torqued  to  15-20  in.  lbs.)  and  fill  back  side  of  b*?arinq  tiole  with 
ix:4. 

9.  Recheck  all  c It'ut  ance;; , and  rt'cord  on  st'ction  A of  pi<- 
cruise  sheet  (see  Appendix) . 

U.  Preliminary  Elitctronic  Cliecks 

1.  Review  instrument  loq  and  note  any  entries  wliicli  may  re- 
flect instrument  performance. 

2.  Place  a 24.‘)Kii,  11.  resistor  in  plactt  of  tiiermistor  (THl 
terminals  1 and  2) . 

3.  Inspect  instrument  back  plane  wirimj,  circuit  boards, 
comftass  and  vane  follower,  and  all  connectors. 

4.  Verify  that  all  modifications  to  the  TAF'-7  and  TAP-'t  liavi* 
been  completed. 

i;.  Currtrnt  Measurements 

1.  Bet  positive  ,ind  neq.it  ive  suppl  it*s  to  12  volt:,  .ind  iS'iitiei  I 
power  c.iblit  to  instrument  . 

2.  Usinq  <a  .Simpson  2(>0,  me.isuro  and  re.-ord  the  cuirent-:  i n- 
dicatc'd  in  section  B- 1 oi  the  prei-ruise  ::hi*et  . 

F.  1.013-5  - An  o!;e  i 1 1 o:-,eope  i :i  requiifd  for  the  tt.llowinq  ih'*'k'.. 
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1.  Locate  mark  on  rotor  ring,  monitor  0133  and  record  the 
number  of  pulses/rcvolution  and  the  pulse  amplitude. 

2.  Observe  the  output  of  IC2A  (0129)  and  verify  there  is 
no  reed  switch  bounce. 


3. 

■1 . 

5. 


Measure  and  record  the  one-shot  duration  (0132) . 

Measure  and  record  T (0122)  and  T (0121)  i ulse  widths. 

CV  CVD 


.Measure  and  record  i,^  (0100)  pulse  width. 


G.  Digital  Clock  - all  tests  are  performed  with  shut-off  magiu't 
in  place. 

1.  Using  the  counter  measure  and  record  the  period  at  test 

point  F. 

2.  Measure  and  record  the  period  at  0431;  this  tests  tlie  opera- 
tion of  ICl,  IC2,  and  IC3. 

3.  Speed-up  clock  by  jumping  0404  to  0409,  and  T.f'.F  to  0431. 
Measure  and  record  the  period  at  0412.  This  checks  the  operation  of 
IC4  and  ICS.  Verify  all  14  time  bits  go  high  and  low.  Remove  jumpi’rs. 
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H.  Program  iioard 

1.  Utilizing  the  counter  in  a Start-Stop  mode,  measure  tnd 
record  the  interval  running  times.  T.he  counter  gating  is  set  a.s  f-  il.>ws; 

Start  (0223)  positive  going  transition 

Stop  (0210)  7 strobes,  (0209)  15  strobes,  and  (0212)  23  strobes, 

negative-going  transition. 

2.  Measure  and  record  the  following  pulse  widths: 

c (0206),  T (0213),  and  T (0222) 
o G r 

I.  Voltage  to  Frequency  Conv('rt('i 


1.  Measure  and  record  the  reffuiuce  volt.Kp-  (llIH). 
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2.  Calibration.  Monitor  the  V-F  output  fieriod  at  1H2. 

Set  the  Vishay  decode  box  at  64530U  and  connect  between  TB]  lerminalr, 

1 and  2.  Period  at  output  should  now  be  SS2 . 271  [is . Set  posit  ivt> 
su{)ply  at  9 volts  and  mea.sure  output  period.  Differences  between 
these  two  [leriods  should  bo  *.01  counts,  if  not,  adjust  C7  (dif- 
ferential capacitor)  for  minimum  period  change  with  voltaqc"  variatjoti. 
Set  positive  supply  at  12  volts  .tnd  comidote  table  iti  sectioti  B-1  at 
the  procruise  sheet. 

Note:  If  adjustment  of  Cl  is  required  to  meet  the  spec  i f i cat  ion;;  tlu-n 

the  H°  C period  should  be  noted  before  adjustii\q. 

d.  Tape  Recorder 

1.  Clean  pincli  wheel,  cajistan,  and  worm  qmir.  Clean  anil 
deqauss  tape  head.  Lubricate  worm  qear  with  LPS-2. 

2.  Usi  nq  the  current  probe  and  osc i 1 lose  pj'i'  abse'rve  t .he 
stepiiint)  motor  currents  at  1029  and  1031.  The  pul;t('  should  remain 
in  saturation  for  ap[iroximately  2 ms.  This  time  is  set  by  R14A  ,md 
R25A  as  follows: 

a.  Positive  supplies  are  sot  at  12  volts. 

b.  Probe  is  set  to  mi'asure  current  at  102‘*  and  kl47\ 
selected  to  meet  the  siieci  f ication  of  2 ms. 

c.  In  a similar  mannt'r,  monitor  1031  and  select  K.'hA 
for  2 ms  saturation. 

d.  Complete  tabli'  in  section  B-7  of  pri'e-ruise  ;:heet  . 

3.  With  the  torque  watch  measure  and  recoi  li  the  capstan 
torque  at  12  anti  'i  volts. 

4.  Measure  and  rdcord  the  positive  and  lU'native  voltaqe  :e,ik;: 
on  channel  A (0*121)  and  cliannel  H (t)*)30). 


5.  Verify  the  channel  switching  function;  with  the  instrument 
in  channel  A re-arm  short  the  sensing  head,  the  instrument  should 
switch  to  channel  B,  no  re-arm. 

6.  Verify  the  instrument  shut-off  function;  after  perform- 
ing the  channel  switch  test  monitor  0420.  Speed  up  clock  until  0420 
makes  a high  to  low  transition,  instrument  should  now  ne  in  t!ie 
channel  B re-arm  mode.  Wait  15  seconds,  short  the  sensing  head,  the 
recorder  should  stop  and  all  indicator  lamps  should  bo  off  when  t!u’  test 
button  is  depressed. 

K.  Cold  Room  Tests  (~5°  C) 

1.  Adjust  oscillator  frequencv’  (T.P.F)  for  2b.B220go  us 
•■.000130  ps. 

2.  Measure  and  record  capstan  torque  at  12  and  0 volfr, . 

3.  Run  test  tapes  as  necessary. 
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Meter 


# 


Date 


Name 


850  PRECRUISE  SHEET 


A.  Cage 


1) 

Vane  Lash  

in. 

.030 

+ 

.005" 

2) 

Rotor  Lash  

in . 

.030 

+ 

.005" 

3) 

Rotor  Clearance  

in . 

.030 

+ 

.005" 

4) 

Vane  Alignment 

Electronics 

1) 

Current  ON 

OFF 

OFF  (MAGNET) 

Tap-9  (+12R) 

ma 

, 

ma . 

ma 

4-Logic  (-4-120 

ma 

, 

ma , 

ma 

-Logic  (-12C) 

ma 

ma . 

ma 

2) 

LOG-5 

Rotor  Pulses/Rev 

(0133) 

pulses 

16  pulses/re' 

VP-P  at  0133 

volts 

12  volts 

Reed  Switch  Bounce 

(0129) 

One  Shot  Duration 

(0132) 

ms . 

1 1 . 1 ms . 

Pulse  Width 

Tcv 

(0122) 

ms . 

164 .79  ms . 

Tcvd 

(0121) 

ms . 

164.79  ms. 

Lf 

(OlOG) 

ms . 

65.0  ms . 

3) 

Clock 

Time  Word  Bits 

Period  (test  point 

F) 

_ us. 

26.822090  1 

Period 

(0431) 

sec . 

28.125  sec. 

Fast  Period 

(0412) 

sec . 

14 .062  sec . 

4) 

ProgTcvn 

Interval  Running  Times 

> 

7 Strobes 

(0210) 

sec . 

42.187  sec. 

15  Strobes 

(0209) 

sec . 

85.374  sec. 

23  Strobes 

(0212) 

sec . 

1 26 . 562  see* . 

Pulse  Width 

e 

(0206) 

sec . 

5.273  sec. 

0 
T 

1 

(02)3) 

sec . 

10.54fi  sec. 

(0222) 

sec . 

82 . 197  ms . 
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850  Precruise  Sheet,  page  2 


Meter  # 


5)  V-F  Converter 

Reference  Voltage  (1118) 
Calibration 

T°  C R (K  0)uns) 


6) 


volts 


Period  12  V 


0 

8 

30 


94.98 

64.53 

24.27 


Digital  Display  Monitor  - Word  Checks 
Compass , Vane , Temperature 


C. 


7)  Recorder 

Current  Pulse 

1029 

1031 

Capstan  Torque 
12  volts 
9 volts 

Head  Voltage 
Channel  A 
Channel  B 

Channel  Switching 

Cold  Room  (5°  C) 


P-P 


3.9  ± .2  volts 


ys. 

US. 

US. 


Time 


ma . 
ma . 


in.  oz. 
in.  oz . 

+ volts 
+ volts 

, Shutoff 


9 V 


Rotor 


Width 


US  . 
US. 
us. 


ms . 
ms . 


- volts 

- volts 


1)  Clock  Period  (test  point  F)  U^  • 

2)  Capstan  Torque 

12  volts  in.  oz.,  9 volts in.  oz. 


D.  Test  Tapes 
Humber  of  Records 
Humber  of  Errors 

E.  Thermistor  Ho. 
Date  Installed 


COMMEHTS 


HPPI  NG 
MO"^OP 


50  INTERCONNECTION  DIAGRAM 


r 

OR 

06 

ROTOR 

COUNTER 

P 

’n 

07 

SHIFT 

REGISTER 

08 

STA-9 

09 

TAP-9 

10 

TAP-9 

11 

V-F 

CONVERTOR 

P 

CONTROL  PANEL 

1 

SWITCHES 

2 

TEST  SWITCH 

3 

03^0  ,LIGHT*C0MM0N 

05^4''; ‘'07T4 

4 1 

^+12C  — ► 
06-4  . 08-10 

•a — + t2Bus  

01-4  tO-4 

^ — -*1?  Bus  — ► 

08-4  . 11-4 

.1— •IZSus 
10-4 

H 

07^6^ 

5 

GND 

07-3.5 

P-  REARM  LAMP 

INS  RESET. 

1 

02^22^'  06^2 

6 

0^5 

•4—  PROGRAV 
02-2  3 RESET 

02^20 

09- 32, CLOCK  RESET  (-f) 

07^i 

7 

08^1  , IO'-i4 

CLOCK  RESET 

~8 

M3 

07-16 

8 

o's^e 

— SHUTOFF 
02-09/02-10/02-12 

-t—  +12D  *•— 

08-11  09-30 

10H5 

1 

ON/OFf  SWITCH  a , 04-tO 

INS  RtSET(«l2C) 

ON/OFF  SWITCH 
SIDE  1 - 

A)  BATTERY  ( + 12  8) 

-9 

Mi4 

05-28 

9 

0IT9 

(B) 

■*—  M4 

07-19 

10 

VANE  (B) 

. — -hSc  — » 
07-4  , 07-28 

F0IL**C0NTACT 

HI 

0?i5 

11 

0"?M 

— ► *I2D  1 

09-8 

*4—  data 

09-22  OUT 

L 

02H3 

12 

04'725 

TEST  POINT 

B)  BATTERY(-12B) 

«—  V,2 

05-22 

13 

06^7 

0?Ti8 

C)  BATTERY  (+12R) 

14 

VANE  (C) 

04^6 

04^32 

10^7 

2-  _ 

-• M,. 

05-19 

15 

04~^34 

02^6  , 10*-8 

A)  CLOCK  RESET 
09*- 28'*”"“’ 

16 

0^8 

— -120 
09-26 

— MiO 

05-16 

17 

VANE  LEJ_ 

8)  09*-29'‘'^'" 

18 

04^23 

08H9 

3 9V(TP) 

♦ - f*«?RA' 

- V) 

05-13 

19 

oi^io 

♦—  K2 
10-18 

C)  08-22 

ftp 

► Kf 

01-32 

'20 

vaInI  (k) 

10^1 

TRACK  B 

TEST  POINTS 

♦ - Va 
08-6 

21 

04^22 

P-Kx'','i6*-7 

TR^K  A 

oe'^o 

DATA  02^20 

06*6 

22 

0^27 

— ♦ *12R 
ON/OFF  SWITCH 

10"T(1 

•'hCRMiSTOR 

IFl 

— W’ 

07-28 

23 

VA^  (PI 

P CH  A (LAMP) 

Kx{x.)  08-21 

24 

04  -27 

*12RS 

OMl  ^ 10-26 

P CH  B (LAMP) 

GND  — ► 

'hERM.STOR  *1  55 

RESET  (El)  02-”34 

> 

1 

I7 

K 

0 

25 

06-*2  5 

GND  CHASSIS 

iyj_ 

26 

VANE  ^U) 

-12D 

08-16 

08-24  : 

TmEomiSTOR 

♦ 

07-22 

27 

04-"20 

INDICATOR  LIGHTS 

28 

06-^23 

04 -*'5 

M2C 

SA  TCH  ,08-10 

MOTOR  (ULlOW) 

REARM  09-6, COMMON, SW 

.9) 

29 

VANE 

••  - 12c 

SWITCH 

MOTOR (BLUE) 

CHA  09-23, COMMON 

M-32 

30 

04^19 

* K 

08-24 

— ♦ 12  n 

>09-8 ,1’  ^iST  sw 

♦— 

MC'TOR  iORANoE) 

5i 

31 

05^3! 

MOTOR  ,Bl  A,  k 

CHB  09-24,  COMMON 

T 

32 

05*-‘5 

- 4.  INS 

R RESET  SWITCH 

06-30  HI 

33 



♦ ’t’flus  » 

05-34  . 07-34 

34 

06-  34'^,®(5&  - 34 

♦ 121^  * 
07*34 . 09-34 

■*  Ij.'  Bu  i 4 

08-34  JO  34 

- 1?BvJS  - 

09-34,11-34 

4 12  Bus 

10-34 

05*- 3 5 , 07-35 

35 

06-35. 07-5, 08-35 

♦ GND  * 

07-35 , 09-35 

4 ON  b » 

08-35  . 10-35 

- CM)  - - 

09-35,11-35 

10-35.i7-24.ChASSiS 

i?  JULY  7i 


CD402‘'.A£  iC5-CD4020AE  IC5-CD4Q24AE  IC7-CD400IAE 
C04007AE  :C4-CD4040AE  IC6-CD40I5AE 


>07 


CD4C'5at  IC? 


ELCO  7022 


PROGRAM  BOARD 


o 


o 


ROTOR  COUNTER  8 TEMP  GATING 


WHO 


PARTS  LIST 


1 


Inte'jratcii  Circuit  RCA  CD4001Ai' 


PARTS  LIST  - PROGRAM 


PARTS  LIST  - DIGITAL  CDOCK 


PARTS  LIST  - SHIFT  REGISTER 
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PARTS  LIST  - STA- 


PARTS  LIST  - VOLTAGE-FREQUENCY  CONVERTER 


PARTS  LIST  - VOLTAGE-FREQUENCY  CONVERTER  (Contd. 
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APPENDIX  F.  Temperature  Modifications 

The  block  diaqram  of  the  temperature  system  is  shown  below.  A 
thermistor  controls  the  rate  at  which  the  V-F  converter  oscillates. 
Data  counts  are  gated  thru  the  multifilexinq  gates  and  counted  on  the 
Rotor  Counter  and  Temperature  Gate  Board,  then  transferred  into  the 
Shift  Registers. 


Voltage  to 

Frequency 

Converter 


Thermistor 


Counts 


Shift 

I Re<i  1 i>tet  i — i — 


The  V-F  converter  is  mounted  in  tlie  real'  of  the  ri'eorder,  thi;.  u. 
be  seen  in  Fig.  1.  The  electronics  rack  to  cage  moutiting  plate  tl'i  i.  A) 
must  be  drilled  and  tapped  to  iiccept  the  thermistor  liiock  (Fig.  H'  . A 

I , 

complete  thermistor  assembly  (Fig.  C)  can  he  purchased  from  AMF  un ier 
part  number  106-56208. 

The  thermistor  is  connected  to  the  V-F  by  a two-conductoi  shielded 
cable  (Bolden  83  518),  all  otlior  connections  are  made  with  t»22  st  t .iruled 


teflon  wirti. 


THERMISTOR  MOUNTING  HOLE 
DRILL  a TA P FOR  I /4  - 20  N F. 


1)  Attach  No  3 to  No  5 a solder  leads 
to  Thermistor 

2)  Place  Thermistor  into  drilled  hole  8 
fill  with  No  4 

3)  Coil  Wire  (2/3  turns)  place  as  shown 
and  pot  with  No  6 


1 

THERMISTOR  BLOCK  (FIG.  B) 

2 

THERMISTOR  (YSI  44032) 

3 

TERMINAL  (AMP  34142) 

4 

THERMAL  GREASE (DC  340) 

5 

WIRE, TEFLON  (#  22  AWG) 

6 

POLYURETHANE  COMPOUND 

FIG.  C THERMISTOR  ASSEMBLY 
(AMF  PART  # 106-55298) 
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APPENDIX  G.  Anode  and  Bearing  Modifications. 

( R)  7 

The  COS/MOS  850  current  meter  has  a Delrin  bearing  configura- 

tion similar  to  that  on  W.H.O.I.  VACM ' s (Vector  Averaging  Current 
Meter).  The  cage  plates  are  modified,  Figs.  A,  B,  and  C,  to  accept 
the  new  bearings  and  anodes.  The  iournal  bearings  are  made  from  Delrin 
150  and  have  a Kennamontal  K801  tungsten  carbide  tfirust  plate.  The 
new  pivots  are  Kennametal , these  are  inserted  into  the  ori'iinal  pivot 
holders . 

Figures  D thru  M show  all  the  iiarts  for  the  new  bearing  configura- 
tion. A set  of  bearings  is  assembled  in  the  following  sequence: 

1)  The  old  pivots  are  replaced  with  the  new  .501  in.  pivots 
(Figure  F-2 ) . 

2)  A thrust  plate  (Figure  H)  is  inserted  into  the  bearing 
(Figure  G) : 2 required. 

3)  A thrust  plate  (Figure  H) , and  .500  in.  pivot  (Figure  F-l)  are 

inserted  into  the  center  bearing  (Figure  I).  , 

4)  The  new  pivots  and  bearings  are  assembled  on  the  rotoi  and 

vane  with  pivots  up  and  bearings  down;  as  shown  in  Figure  1. 

5)  A .500  in.  pivot  (Figure  F-l)  is  inserted  into  the  new  low('r 

pivot  holder  (Figure  K) . 

In  addition  to  the  above  the  vane  donut  is  modified  as  sliown  in 

Figure  M.  The  cage  is  assembled,  Figure  3,  and  the  b«>arings  ad  just-'ii 

as  outlined  in  section  VIl-C. 

Tills  new  bearing  design  has  allowed  us  to  in[  rov<-  upon  t *e  anodic 
scheme;  a .sacrificial  .nuHle  in  atta>;hed  to  each  cag,  j lal.-  and  t !m-  i!  per 
end  ca]>  assemlily.  Figures  N tlu'ii  R show  t hi  di  tail.:  ,g  tne  mede:.  and 
mounting  plate:;. 


iki 


A 


I 

-f- 


I h' 

I 

T 
I 


MECCA  CONNECTOR 


'MOUNTING  HOLES* 

2 REQUIRED 

TAP  FOR  8-32  SCREW  9/16"  DEEP 


HOLLOW  ROD 


ANODES  MOUNTED  ON  VANE  SIDE  OF  PLATE 


HOLLOW  ROD  \ 

\ 


TAP  THRU 
3/8-24 


-f- 


I"!  I 


i I 


i\ 


t-  •(< 


ANODE  MOUNTED  ON  VANE  SIDE  OF  PLATE 


010  MAX  UNDERCUT 


MAIL  DELRIN  150 
TOLS  XX + 015 
XXX+005 


Fill.  [).  Bt-arinq  - ll[  } >‘t  V.nn 
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i 
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015  X 45“CHAMFER 


- L 
SEE  TABLE 


PART  NO 

L (INCHES) 

10197.16-1 

500 

10197.16  -2 

593 

MATERIAL:  USE  KENN AMETAL , K 001  TUNGSTEN  CARBIDE 
TOLERANCES:  ±.005  UNLESS  OTHERWISE  SPECIFIED 


./_! 


093  t001  DIA 


POLISH 

.185  MIN--I 


SPHERICAL  RAD' 


/ 


Fi»^.  V.  I'lvot 


r 


8 


3 HOLES  120  DIA,  EQUALLY 
SPACED  ON  .437  DIA 


75 
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